The aim of this study was to investigate the intensity of side effects that patients attribute to their topical glaucoma medication and their relationship to adherence behavior. Methods: This was a questionnaire-based study of 123 glaucoma patients at a university eye clinic in Erlangen, Germany. An initial questionnaire asked about patient demographic data, the treatment plan, and intensity of side effects, and included Adherence to Refills and Medication Scale 2 (ARMS2) and visual analog scale (VAS-AD) scores. In a follow-up questionnaire, the treatment plan, intensity of side effects, ARMS2, and VAS-AD were reanalyzed. Results: Most patients reported having few side effects, although only 20% said that they had no symptoms suggestive of side effects at all. The patients showed good adherence behavior on both the ARMS2 and VAS-AD scores, which were stable over time. The intensity of side effects experienced in the previous 7 days did not correlate with adherence scores and had no predictive value for adherence. Conclusion: This study could not detect any significant influence of the subjectively experienced intensity of side effects on patients' adherence behavior. However, we believe that a simple and clear treatment plan with few side effects is still preferred by most patients.
Introduction
Primary open-angle glaucoma (POAG) is one of the leading causes of blindness throughout the world. 1, 2 It is a serious chronic disease of the optic nerve and is clinically associated with visual field defects that may eventually lead to blindness. However, most patients have no symptoms at initial presentation, since visual impairment usually occurs in the later stages of the disease. The major risk factor for POAG is elevated intraocular pressure (IOP), which is managed by medical or surgical intervention. Medical therapy for POAG requires ongoing use of IOP-lowering eye drops by the patient. Therefore, a major determinant of the success of medical therapy is the degree to which patients adhere with their glaucoma eye drops. Beside missing the scheduled dosing due to forgetfulness, there is also the deliberate choice of the patients to discontinue their therapy. This deliberate action of the patients to avoid or change their dose of medication can result from expected or experienced side effects from their prescribed medication. Side effects can eventually lead to complete cessation of therapy.
In general, side effects are underreported in clinical trials 3, 4 and their intensity is often underestimated by both patients and doctors. Few studies have examined the relationship between patients' adherence behavior and the symptoms or intensity of side effects experienced with glaucoma eye drops. In the research reported by Deokule et al 5 approximately one third of glaucoma patients reported suffering from symptoms attributable to side effects of the medication. In contrast, Patel and Spaeth 6 did not find any significant correlation between symptoms of side effects and adherence behavior.
In this study, we first asked our patients about their treatment plan. The patients were then asked to report on the symptoms and the intensity of side effects that they attributed to their topical glaucoma medication. Further, we investigated the relationship between the subjectively experienced intensity of side effects and adherence behavior. Finally, these data were used to identify possible predictors of adherence in patients with glaucoma.
Materials and methods Design
This was a prospective study in which self-report questionnaires were distributed to patients with POAG at the university eye clinic, Friedrich-Alexander-University, Erlangen, Germany. The study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and approved by the local ethics committee. Patients gave their written informed consent before inclusion of their data in the study. The patients completed an initial questionnaire at the time of their first presentation to hospital (T1). This questionnaire asked about demographic data, the treatment plan, and the intensity of side effects, and included two measures of adherence, ie, the Adherence to Refills and Medication Scale 2 (ARMS2) and a visual analog scale for adherence (VAS-AD). Two months later (T2), the patients completed a second questionnaire at home, re-evaluating the treatment plan and intensity of side effects, along with ARMS2 and VAS-AD scores.
In total, 123 patients with POAG were included in the study. POAG was identified by an increase in IOP of 22 mmHg measured by Goldmann applanation tonometry and by documented optic disk changes and/or visual field defects consistent with glaucoma. Inclusion criteria for the study were a diagnosis of POAG for more than 4 weeks and use of topical glaucoma medication for at least 4 weeks. The exclusion criteria were: other types of glaucoma (eg, congenital, closed-angle glaucoma, or secondary glaucoma), other eye diseases interfering with the management of glaucoma, a history of dementia or cognitive limitation, language barriers, and/or a reading and writing disability.
Baseline demographic and clinical characteristics
Demographic information, including: age, sex, living situation, school graduation, and work status, was collected in the first questionnaire. Clinical information was obtained from medical records, and included: time of diagnosis of glaucoma, current and maximal IOP measured by Goldmann applanation tonometry, best-corrected visual acuity using standardized acuity charts, slit-lamp biomicroscopy, gonioscopy, optic disk changes according to the Jonas classification, 7 and visual field defect measured by white-on-white Humphrey 30-2 visual tests. The extent of visual field defect was assessed according to the Mills classification. 8 Patients with progressive visual field defect had Goldmann perimetry and were classified as stage 5 by the Mills classification.
Treatment plan
The patients were asked a series of open-ended questions concerning: the name, number, and dosing regimen of their topical glaucoma medication, duration of treatment for glaucoma, number of visits made to their ophthalmologist, the presence of other chronic diseases, and regular concomitant medications. It was considered that this information would provide an insight into the complexity of the treatment plan.
intensity of side effects
A questionnaire was developed to assess the intensity of side effects using the research reported by Rief et al. 9 The patients were asked about 40 potential side effects of topical glaucoma medication as described in the literature. This included 30 systemic and ten local manifestations of side effects. The intensity of each side effect experienced in the previous 7 days was assessed using a four-point Likert scale with the answering options of "not present", "mild", "medium", or "strong". The patients were also asked whether or not they believed that these symptoms were caused by their glaucoma medication. A total score reflecting the intensity of side effects was calculated for all items.
adherence measures
Patient adherence to their medication was evaluated by the ARMS Scale devised by Kripalani et al 10 and covered two aspects of adherence, ie, correct refill of medication and correct intake of medication. In this study, we used a German-translated and adapted version (ARMS2) of the original version to measure adherence. The English original version had four items with prescription refill subscales and eight items with medication-taking subscales. The answers 
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intensity of side effects and adherence behavior in patients with glaucoma to the 12 items of the original version were arranged in a four-point Likert-scale with the possible answers "never", "sometimes", "mostly", and "always". In a ten-step numeric rating scale, "never" was represented by 0 and "always" by nine. Thus, all values above 0 reflected some degree of nonadherence. Slight nonadherence was scored as one and absolute nonadherence as 99.
The VAS-AD was also used to measure adherence. The patients were asked to demonstrate on a scale ranging from "never" to "always", how often they took their eye drops correctly. The patients then set their answer on a 10 cm horizontal line, with 0 cm indicating "never" and 10 cm indicating "always".
statistical analysis
The statistical analysis was done using PASW Statistics 18.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were performed to obtain the mean values and standard deviations at T1 and T2. Bivariate correlations were performed to analyze dependent and independent variables. Regression models were used to assess the predictability of the independent variables of adherence. P0.05 was defined as being statistically significant.
Results

Basic demographic and clinical characteristics
The study included 123 patients, comprising 78 females (63.4%) and 45 males (36.6%). The mean patient age was 67.0±13.7 (45-88) years. The majority of patients lived with a partner (n=90, 73.8%) and were retired (n=86, 70.5%). Most had a general secondary school certificate (n=67, 54.9%) or a high school diploma (n=31, 25.4%). Concerning clinical characteristics, the better eye had a mean IOP of 13.4±3.1 mmHg and a visual acuity of 0.8±0.2. In comparison, the worst eye had a mean IOP of 15.6±3.8 mmHg and a visual acuity of 0.5±0.3. Six patients (4.9%) were blind in one eye. In the better eye, the majority of patients had a stage 1 visual field defect according to the Mills classification and stage 2 optic disk changes according to the Jonas classification. In the worst eye, most patients had a stage 1 or 2 visual field defect according to the Mills classification and stage 4 optic disk changes according to the Jonas classification.
Treatment plan
To assess the complexity of the treatment plan, the patients were asked about the daily dosing regimen for their topical glaucoma medication. On average, the patients required 3.0±1.4 instillations of eye drops per day (Table 1) . A quarter of the patients had to apply eye drops four times or more on a daily basis. The mean duration of glaucoma treatment at T1 was 10.9±9.7 years. The average number of ophthalmology visits in the previous 12 months was 3.3±0.9. More than half of the patients reported that they had visited their ophthalmologist 4-6 times in the previous 12 months, and 28% of the patients saw their ophthalmologist more often. Sixty percent of patients reported having at least one further chronic disease, and 86.8% were taking medication other than eye drops on a regular basis.
intensity of side effects
The mean value for intensity of side effects was 6.5±8.1 at T1 and 5.9±8.7 at T2 (Table 2 ). These scores were in the lower range of possible values (0-120). Most patients assessed the intensity of their side effects from glaucoma eye drops to be in the lower range, with the majority believing that few systemic side effects could actually be attributed to topical eye drops. However, only 20% of patients reported no symptoms of side effects at all. The maximal value for intensity of side effects was 38 at T1 and 37 at T2. Comparison of mean values between T1 and T2 did not show any significant difference (t=0.40; df=101; P=0.689).
The mean number of side effects experienced in the previous 7 days was four at both T1 and T2. As expected, these symptoms were mostly local, such as red eyes, pain, and visual disturbances. The most common systemic side effects attributed to eye drops were headaches and dizziness. The side effects reported at T1 and T2 are shown in Figure 1 . 
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The ARMS2 and VAS-AD adherence scores showed a good correlation between T1 and T2. The mean ARMS2 score was 3.38 at T1 and 2.8 at T2, and scores were stable over time (t=0.97; df=118; P=0.335). The descriptive values for VAS-AD were 9.03 at T1 and 9.08 at T2, and they were also stable over time (t=0.34; df=111; P=0.735). At T1, 18.5% of patients reported that they always used their eye drops correctly, and 68.9% reported correct use on at least 90% of occasions.
Correlation between treatment plans and adherence
The descriptive values for the treatment plan showed a weak correlation with ARMS2 and VAS-AD adherence scores at T1 and T2. Only a higher number of eye doctor visits was associated with a lower rate of nonadherence. A longer duration of glaucoma treatment was associated with a higher nonadherence rate (Table 3) .
Correlation between intensity of side effects and adherence
The intensity of side effects experienced in the previous 7 days did not correlate with ARMS2 or VAS-AD adherence scores at T1 or at T2 (Table 4) . To predict the adherence rate according to intensity of side effects, linear regression analyses were conducted with intensity of side effects at T1 as the predictor variable and ARMS2 or VAS-AD score at T2 as the dependent variable. Both models had a beta weight close to 0 and could not explain any part of the variance. Therefore, they did not represent valid prediction models for adherence. Multivariate regression analyses for the control variables were not included.
Discussion
Adherence behavior is a major determinant of the success of treatment for glaucoma. Various barriers to adherence have already been identified, and can be divided into the patientrelated factors, disease-related factors, and treatment-related factors. While patient-related and disease-related factors are mostly constant and difficult to overcome, treatment-related factors may be influenced by both the patient and the doctor. Important issues with regard to treatment-related factors are the presence and intensity of side effects from the prescribed medication. There is strong evidence that experiencing side effects is one of the main reasons for interruption of therapy. Until now, no significant correlations between side effects and adherence behavior have been clearly detected. 11 In this study, most of our patients described a low intensity of side 
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intensity of side effects and adherence behavior in patients with glaucoma effects attributed to topical glaucoma medication, with few patients blaming their eye drops for systemic symptoms. As expected, the major symptom interpreted as a side effect was local irritation. Only 20% of patients had no symptoms of side effects at all. Our study group included mainly elderly patients with glaucoma, who had been using glaucoma medication for more than 10 years. Most patients took multiple daily doses of eye drops. With an average number of 3.3 visits to their ophthalmologists in the previous 12 months, our patients were considered to be under relatively good medical supervision. Therefore, it is not surprising that the ARMS2 and VAS-AD scores indicated good patient adherence behavior at T1 and T2. This finding is consistent with that of Sleath et al 12 who found a high medication adherence rate in patients with a long history of glaucoma. Sleath et al 12 also reported that patients using two or more glaucoma medications tend to experience more difficulty with side effects than those on one medication for glaucoma. For these reasons, they suggested that simplifying the medication regimen to fewer glaucoma medications might help to improve adherence with medication. One option could be the use of a fixed combination of glaucoma medications, which may be associated with a lower incidence of ocular hyperemia than when the individual components of such combinations are used as monotherapies. 13, 14 This may further reduce patient discomfort and the intensity of any side effects experienced. In addition, other studies have shown that fewer visits to the ophthalmologist are associated with worse adherence to medication. 15 Therefore, patients should receive clear education on the importance of regular specialist appointments.
It has been shown that the presence of systemic disease has a positive influence on adherence behavior. 11 This observation can be explained by the fact that patients with systemic disease are already conscious of their disease and taking medication. Thus, they have less difficulty integrating their eye drops in an existing treatment plan. We could not find a significant influence of systemic disease on adherence behavior, which may be attributed to the fact that our glaucoma patients were relatively experienced users of glaucoma medication. Further, we could not detect a correlation between the intensity of side effects experienced in the previous 7 days and ARMS2 and VAS-AD adherence scores. Our results may be explained by the assumption that patients with side effects were more nonadherent. Therefore, the intensity of side effects did not further influence their adherence behavior. On the other hand, the presence of side effects demonstrated that the eye drops were actually taken and applied correctly. These contradictory relationships may be the reason why no clear correlation between intensity of side effects and adherence behavior was found. While the patient reports of side effects confirmed that the prescribed eye drops were being used, they could not predict whether the patients would continue to be adherent to medication in the future.
This study included only a small sample size, ie, 123 patients, so can only reflect trends in behavior. Further, use of self-report questionnaires risks an overestimation of adherence behavior. Patients tend to give socially acceptable answers in standardized questionnaires, and previous research has shown that adherence measured by electronic monitoring devices is lower than that indicated by patient self-reporting. 16, 17 However, the intensity of side effects can only be measured by self-report. A further limitation of this study was the close temporal relationship between the two questionnaires administered in the study. A 2-month period between T1 and T2 was chosen since many patients visit their eye doctor every 3 months and it was considered that the second questionnaire should ideally be completed independent of the scheduled appointments. Unfortunately, many patients reported having made an appointment with their eye doctor just after answering the second questionnaire.
In summary, the intensity of side effects could not predict adherence behavior, which is contrary to what we expected. However, it must be borne in mind that our study group included very experienced and motivated patients, who had already made a high number of visits to eye doctors during their long duration of glaucoma therapy. We still believe that a simple and clear treatment plan with few side effects is preferred by most patients. Eventually, it is the patient who ultimately decides whether or not to take the medication.
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